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CASING-ENGAGING WELL TREE ISOLATION TOOL AND 
METHOD OF USE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This is the first application filed for the present 
invention . 

MICROFICHE APPENDIX 
[0002] Not Applicable. 

TECHNICAL FIELD 

[0003] The present invention 'relates in general to well 
completion and well stimulation procedures and, in 
particular, to well tree isolation tools used to isolate 
wellhead- components from high fluid pressures used for well 
stimulation during well completion and re-completion. 

BACKGROUND OF THE INVENTION 

[0004] As is well understood in the art, demand for 
hydrocarbon fluids continues to steadily increase while 
supplies and reserves continue to decline. Consequently, 
many lower-yield reserves are being exploited. Many of 
those lower-yield reserves produce hydrocarbons at low 
pressure, especially coal-seam methane wells, shallow oil 
and gas wells, and the like. Such low pressure wells are 
commonly produced using low-pressure wellhead equipment 
such as screwed independent wellhead equipment, well-known 
in the art. Nonetheless, the completion and/or re- 
completion of such wells generally requires high pressure 
stimulation treatments to ensure viable production. Such 
high pressure stimulation treatments are often performed at 
high pump rates and high fluid pressures. Although well 
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tree isolation tools are commonly used to isolate wellhead 
equipment from direct exposure to those fluid pressures. 
Nonetheless, the well tree isolation tool is mounted to the 
well tree, and the lifting pressure on the tool resulting 
from the high pump rates and elevated fluid pressure of the 
well stimulation fluids can, and has on occasion, over 
stressed the holding strength of the threaded connection 
between the casing and the wellhead or a tensile strength 
of one of the wellhead components. If that connection 
gives^way, workers in the vicinity can be fatally injured 
by ejected equipment and control of the well is lost, 
resulting in the escape of hydrocarbons to the atmosphere. 

[0005] This problem is not. exclusive to screwed 
independent wellheads, however. As is well understood in 
.the art,., pump . rates and fluid pressures used to stimulate-, 
wells equipped with medium pressure flanged wellheads 
sometimes exceed the tensile strength of the flanged 
wellhead components. If a tensile strength of a flanged 
wellhead component is exceeded, rupture can occur resulting 
in the ejection of equipment from the well, with all of its 
attendant hazards. 

[0006] While many -different well tree isolation tool 
configurations and many different pack-off assemblies for 
those tools are known, there is no known tool that is 
configured to reduce lift pressure on wellhead components 
during a well stimulation treatment. Pack-off assemblies 
for well tree isolation tools seal off against the well 
casing or tubing to isolate wellhead components from high 
fluids pressures. Nonetheless, that seal does nothing to 
control the lift pressure exerted on the wellhead 
components to which the wellhead isolation tool is mounted. 
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[0007] Consequently, there exists a need for a wellhead 
isolation tool that not only seals off against the casing 
but also locks the well tree isolation tool to the casing 
to transfer lift pressures directly to the casing and 
thereby ensure that high pressure stimulation can be safely 
conducted at pressures that . exceed the holding and/or 
tensile strength of wellhead components. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the invention to 
provide a casing-engaging well tree isolation tool and 
method of using same that is adapted to protect wellheads 
during high pressure fluid stimulation treatments to ensure 
that a lift pressure on wellhead components resulting from 
well stimulation fluid pressures does not overstress the 
wellhead components. 

[0009] * The invention therefore provides a casing-engaging 
wellhead .isolation tool that comprises a mandrel that is 
stroked through the wellhead, and a releasable packer 
assembly connected to a bottom end of the mandrel. The 
releasable packer assembly is settable in a set position in 
which packer slips grip the casing when the wellhead 
isolation tool is in a set position. * The packer assembly 
transfers lift pressure induced by well stimulation fluids 
to the casing. Consequently, the well components to which 
the wellhead isolation tool is mounted are not subjected to 
lift pressures that could exceed a holding or a tensile 
strength of any one of the components of the wellhead. 

[0010] In order to permit the wellhead isolation tool to 
be stroked through the wellhead of the live well without 
killing the well, the casing-engaging wellhead 'isolation 
tool preferably comprises a setting tool for stroking the 
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mandrel through the wellhead. The wellhead isolation tool' 
further comprises a sealed chamber through which the 
mandrel is reciprocated. The sealed chamber comprises 
first and second hallow cylinders. A top portion of the 
first cylinder is received within a bottom portion of the 
second cylinder and a fluid seal between the cylinders 
ensures that the mandrel can be inserted through the . 
wellhead of a live well without an escape of hydrocarbons 
to atmosphere. The sealed chamber also provides a 

mechanism for locking the- releasable packer assembly in the 
set position. An outer wall of the first cylinder is 
threaded and supports a hollow locking flange. A lock nut 
carried on an annular shoulder of the second cylinder 
engages the locking flange. 

[0011] . In operation, .the setting tool is mounted to. .the. ... - 
wellhead and a passage through the .wellhead is opened. The 
mandrel with the releasable packer assembly is then stroked 
through the wellhead and into the casing of the well. The 
mandrel is secured to a top of the sealed chamber by a 
threaded union. The releasable packer assembly is set in 
the casing by pulling up the mandrel to set the slips of 
releasable packer assembly. The mandrel pulls the second 
cylinder upwards as the releasable packer assembly is set 
in the casing. Once the releasable packer assembly is set, 
the lock flanged is screwed upwardly over the threads in 
the outer wall of the first cylinder until it abuts a 
bottom wall of the second cylinder. The .locking nut is 
then threadedly connected to. the locking flange to lock the 
second cylinder in' place. The mandrel, is thereby locked 
in the set position so that the releasable packer assembly 
cannot be released during a well stimulation operation. 
After the mandrel is locked in the set position, a wellhead 
isolation injector tool is removed to provide 360° access 
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to the wellhead isolation tool. In a preferred embodiment, 
the injection tool comprises a pair of hydraulic cylinders 
having bottom ends that are releasably connected to support 
arms affixed to opposite sides of the first cylinder. A 
top of each hydraulic cylinder is supported by support arms, 
affixed to opposite sides of a mandrel injection adaptor 
connected by a threaded union to a top of a high pressure 
valve mounted to a top of the mandrel. 

[0012] Once locked in the set position, lifting force in 
the well bore induced by high pressure well stimulation 
fluids pumped into the well bore is transferred to the 
casing of the well and does not exert pressure on the 
wellhead that could exceed a tensile strength of wellhead 
components. 

[0013] The invention further provides a method . of 
isolating a wellhead prior to pumping high pressure well 
stimulation fluids into a casing of a well. The method 

s 

comprises stroking a mandrel through , the wellhead, the 
mandrel having a bottom end to which a casing packer, is 
affixed. The method further comprises setting the casing 
packer in the casing to transfer to the casing lift 
pressure induced by well stimulation fluids on the mandrel, 
so that wellhead components to which the wellhead isolation 
tool is mounted are not subjected to lift pressures that 
could exceed a tensile - strength of components of the 
wellhead. 

[0014] The mandrel is preferably stroked through the 
wellhead using a wellhead isolation setting tool. As 
described' above, the mandrel is stroked through a sealed 
chamber having an adjustable link and a locking mechanism 
for locking the mandrel in a set position in which slips of 
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the casing packer engage the casing and transfer lift force 
induced by high pressure fluids injected into the wellhead 
to the casing so that wellhead components are not subjected 
to lift pressures that could exceeds a tensile strength of 
those components . 

[0015] In accordance with the method, a top of the sealed 
chamber is closed by an interchangeable seal adaptor that 
can be readily changed so that a mandrel sized to optimally 
fit a casing of a well to be stimulated can be stroked 
through the wellhead. The interchangeable seal adaptor 
houses a high-pressure fluid seal that provides a seal 
around the mandrel and permits the mandrel to be stroked 
through the wellhead without lost of fluid pressure. 

[0016] The method and apparatus in accordance with the 
invention therefore permit hydrocarbon wells equipped with 
low pressure wellhead components to be stimulated using 
fluid pressures that approach a burst-strength of a casing 
of the well. Hydrocarbon production is therefore enhanced 
without capital investments in durable wellhead components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Further features and advantages of the present 
invention will become apparent from the following detailed 
description, taken in combination with the appended 
drawings, in which: 

[0018] FIG. 1 is a schematic cross-sectional view of an 
embodiment of a casing-engaging wellhead isolation tool and 
setting tool in accordance with the invention; 

[0019] FIG. 2 is a schematic cross-sectional view of the - 

casing-engaging wellhead isolation tool shown in FIG. 1 
suspended above a low pressure well that requires 



stimulation, and further showing an adaptor pin and locking 
nut used to connect the casing-engaging wellhead isolation 
tool to the wellhead; 

[0020] FIG. 3 is a schematic cross-sectional view of the 
casing-engaging wellhead isolation tool connected to the 
low pressure wellhead; 

[0021] FIG. 4 is a schematic ' cross-sectional view of the 
casing-engaging wellhead isolation tool connected to the 
wellhead with a mandrel of the tool stroked through the 
wellhead; 

[0022] FIG. 5 is a schematic cross-sectional view of the 
casing-engaging wellhead isolation tool with the mandrel 
pulled up to a set position in which a releasable packer 
assembly- of the wellhead isolation tool is set in ' the 
casing; 

[0023] FIG. 6 is a schematic cross-sectional view of the 
casing-engaging wellhead isolation tool showing a lock 
flange locking a second cylinder of- a sealed chamber 
through which the mandrel is reciprocated, to ensure that 
the releasable packer assembly is locked in the set 
position; 

[0024] FIG. 7 is a schematic cross-sectional view of the 
wellhead isolation tool shown in FIG. 6 with . a lock nut 
engaging a pin thread on a top of the lock flange; and 

[0025] FIG. 8 is a cross-sectional schematic view of 
wellhead isolation tool in accordance with the invention in 
a position ready for the injection of high pressure 
stimulation fluids into the casing of the well 
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[0026] It will be noted that throughout the appended 
drawings, like features are identified by like reference 
numerals. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0027] The invention provides a casing-engaging well tree 
isolation tool that permits wellbores equipped with low 
pressure wellhead equipment to be stimulated at high fluid 
pressures without danger of exceeding a tensile or holding 
strength of any one of the wellhead components. The well 
tree isolation tool in accordance with the invention 
includes a mandrel stroked through the wellhead. A bottom 
end of the mandrel carries a releasable packer assembly 
that transfers lift pressure induced by high pressure well 
stimulation fluids directly to a casing of the well. 

[0028] FIG. 1 is a schematic cross sectional view of an 
embodiment of a casing-engaging wellhead isolation tool 10 
in accordance with the invention. The wellhead isolation 
tool 10 includes a high pressure mandrel 12 having a box- 
threaded bottom end 14 to which a releasable pack-off 
assembly 16 (FIG. 2) is connected. The releasable pack off 
assembly 16 transfers to the casing lift pressures induced 
by high pressure stimulation fluids injected into the well, 
as will be explained below in more detail. 

[0029] A top end of the mandrel 12 is threadedly connected 
to a mandrel adaptor 18. O-rings 20 provide a fluid seal 
between a smooth outer surface of a top end of the 
mandrel 12 and a sealed bore 22 in the mandrel adaptor 18. 
The mandrel adaptor 18 includes a top flange 24 to which a 
flow control mechanism, such as a high pressure valve 30 is 
mounted. The mandrel adaptor 18 further includes an 
annular shoulder 2 6 on a bottom end thereof. The annular 
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shoulder 2 6 rotatably supports a mandrel adaptor lockdown 
nut 2 8 used to secure the mandrel adaptor to a top of a 
sealed chamber 32 through which the mandrel 12 is stroked. 
The sealed chamber 32 permits a releasable packer assembly 
16 shown in FIG. 2 to be locked in a set position, as will 
be explained below in more detail. 

[0030] The sealed chamber 32 includes a first cylinder 34 
that is connected to a wellhead of a well to be stimulated, 
as will be explained below in detail,, and a second 
cylinder 36 that reciprocates over an outer surface of the 
first cylinder 34 within limits defined by travel stops 38. 
The first cylinder 34 has an outer surface that includes a 
spiral pin thread 40 on a lower region thereof and a 
recessed smooth cylinder wall 42 on an upper region 
thereof. The second cylinder 3 6 has a smooth inner, 
wall 44, and a high pressure fluid seal 4 6 captured between 
the smooth cylindrical wall 42 of the first cylinder and 
the smooth inner wall 44 of the second cylinder provides a 
high pressure fluid seal between the first and second 
cylinders 34,36. The high pressure seal 46 is retained in 
position by a packing nut 48 in a manner well known in the 
art . 

[0031] A hollow lock flange 50 has a box thread that 
engages the pin thread 40 on the lower region of the first 
cylinder 34. The lock flange 50 is used to lock the 
releasable packer assembly 16 shown in FIG. 2 in a set 
position, as will also be explained below in detail. The 
lock flange 50 has a pin thread 52 on an outer diameter of 
a top end thereof. The pin thread 52 is engaged by a box 
thread 54 of a lock down nut 5 6 supported on an annular 
shoulder 58 of a bottom end of the second cylinder 32. A 
top end of the second cylinder 32 flares outwardly and has 
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a pin-threaded outer surface that is engaged by box 
thread 62 of a lock down nut 64 used to lock an 
interchangeable seal adaptor 66 to a top of the second 
cylinder. A high pressure fluid seal is provided between 
the second cylinder 36 and the interchangeable seal adaptor 
66 by a metal ring gasket for a threaded union 68 and a 
pair of O-rings 70, as described in Applicant's Co-pending 
Patent Application No. 10/690,142 filed October 21, 2003 
and entitled METAL RING GASKET FOR A THREADED UNION, the 
specification of which is incorporated herein by reference. 
The interchangeable seal adaptor 66 provides a fluid seal 
around the periphery of the mandrel 12. The fluid seal is 
provided by, for example, a chevron packing 72 retained in 
a packing cavity 7 4 by a packing nut 7 6, in a manner well 
know in the art . 

[0032] As will be understood by those skilled in the art, 
the mandrel adaptor 18 and the interchangeable seal adaptor 
66 permit the tool to be readily and quickly adapted to an 
appropriately sized mandrel 12. Since both the mandrel 
adaptor 18 and the interchangeable seal adaptor 16 are 
secured to the top of the second cylinder 36 by threaded 
unions (lockdown nuts 28 and 64) they are readily 
exchanged, as required to .accommodate a different size of 
mandrel 12 . Consequently, prior to performing a well 
stimulation procedure a mandrel 12 having a diameter best 
suited to a diameter of the casing. 108 is selected. A 
corresponding mandrel adaptor 18 is also selected, along 
with a corresponding interchangeable seal adaptor 6 6. The 
interchangeable seal adaptor 66 is mounted to the ' top of 
the second cylinder36 and the mandrel 12 is inserted 
through the high-pressure packing 74 in the top of the 
interchangeable seal adaptor 66. A top end of the mandrel 
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12 is then connected to a bottom end of the mandrel adaptor 
18 and the tool is ready for service. 

[0033] During use, the mandrel 12 and of the well 
isolation tool 10 in accordance with the invention is 
inserted into a casing or a production tubing of the well 
and withdrawn from the well by an insertion tool 80. In 
the illustrated embodiment, the insertion tool 80 includes 
a pair of hydraulic cylinders 82 supported on their 
cylinder rods ends 84 by support brackets 8 6 that are 
removably affixed to opposed upper support arms 8 8 
connected to a mandrel insertion adaptor 90. The mandrel 
insertion adaptor 90 is connected to a top of the high 
pressure valve 30 by a threaded union 92. A top end of the 
mandrel insertion adaptor includes a bowen union 94 to 
which . a. plug, or .other flow control component can be- 
connected in a manner well known in the art'. The cylinder 
ends 96 of the hydraulic cylinders 82 are removably 
connected to lower support arms 98 affixed to opposed sides 
of a bottom end of the first cylinder 34. Quick-release 
straddle brackets 100 can be quickly released to remove the 
insertion tool 80 from the wellhead isolation tool 10, as 
will be explained below in more detail. 

[0034] FIG. 2 is a schematic cross sectional view of the 
wellhead isolation tool 10 and the insertion tool 80 
suspended over a wellhead 101 by a rig (not shown) or a 
boom truck (not shown) prior to beginning a well 
stimulation operation. The wellhead isolation tool is 
mounted to the wellhead 101 using an adaptor .pin 102 and a 
lock nut 104, as shown in FIG. 3. In order to mount the 
wellhead isolation tool 10 to the wellhead 101, the pin 
adaptor 102 is first screwed into a top of the wellhead 101 
and the lock nut 104 is threaded over the adaptor pin 102. 
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Wellhead isolation tool 10 is then lowered over a top of 
the adaptor pin 102 and rotated to threadely secure the 
wellhead isolation tool 10 to the adaptor pin 102. After a 
secure connection is achieved, the lock nut 104 is 
tightened against a bottom of the first cylinder 34 as 
shown in FIG. 3. 

[0035] As shown in FIG. 3, when the wellhead isolation 
tool 10 is mounted to the wellhead 101 the hydraulic 
cylinders 80 are respectively stroked to an extended 
condition in which the mandrel 12 supports the releasable 
packer assembly . 16 in a bottom of the sealed chamber 32 
defined by the first and second cylinders 34,36. A master 
valve 106 on a top of the wellhead 101 is slowly opened to 
allow well pressure to enter the sealed chamber 32. The 
..well pressure , is . contained . within the sealed- chamber - 32 by 
the chevron packing 72 that surrounds the mandrel 12 as 
explained above with reference to FIG. 1. Once the master 
valve is fully opened, the hydraulic cylinders 82 are 
actuated to stroke the mandrel 12 and the releasable packer 
assembly 16 into the casing of the well as shown in FIG. 4. 
When the mandrel has been fully stroked through the. sealed 
chamber 32 and the mandrel adaptor 18 rests against a top 
of the interchangeable seal adaptor 66, the lock down nut 
64 is rotated to lock the mandrel adaptor 18 to the 
interchangeable seal adaptor 66 as shown in FIG. 4, and the 
releasable packer assembly 16 is ready to be set in the 
casing 108 of the well. 

[0036] FIG. 5 shows the wellhead isolation tool 10 in a 
set position in which the hydraulic cylinders 82 have been 
actuated to raise the wellhead isolation tool 10 from the 
fully stroked-in position. This causes the releasable 
packer assembly 16' to "set". As is well understood in the 



art, once a releasable. packer assembly 16 is set, internal 
mechanisms of the releasable packer assembly 16 cause 
casing-gripping slips to be forced outwardly into contact 
with the casing. As upward pressure increases, the slips 
bite into the interior of the casing to create a positive 
lock that can only be released by manipulating the 
releasable packer assembly 16 as required by the 
manufacturer. In one embodiment of the invention, the 
releasable packer assembly 16 is a "yo-yo" packer assembly 
well known in the art that has been specially modified to 
have a shorter length than prior art releasable packer 
assemblies of the same type. However, any of dozens of 
releasable packer assemblies well known in the art and 
available, for example, from Otis Engineering Corporation; 
Arrow Oil Tools; Team Oil Tools and other manufactures can 
be" used for the same purposed 

[0037] Byi the time that the releasable. packer assembly 16 
is set as shown in FIG. 5, the second cylinder 36 of the 
sealed chamber 32 has been drawn upwardly over pin-threaded 
lower region of the first cylinder 34. The hydraulic 
cylinders 82 are then locked in position while the lock 
flange 50 is rotated upwardly until it abuts the bottom end 
of the second hydraulic cylinder 36 as shown in FIG. 6. 
Thereafter, the lock down nut 56 is rotated to threadedly 
engage the lock flange 50 to lock the second cylinder 36 in 
the set position. Consequently, the releasable packer 
assembly 16 is locked in the set position and cannot be 
released from that position. This ensures that once set, 
the releasable packer assembly 16 cannot be unset until the 
well stimulation procedure is complete. After the second 
cylinder 36 is locked in the set position by the lock 
flange 50 and the lock-down nut 56 shown in FIG. 7, quick 
release brackets 100 are released to release the hydraulic 
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cylinders 82 from the lower support arms 98. Concurrently, 
the threaded union 92 is rotated to disconnect the mandrel 
insertion adaptor 90 from the high pressure valve 30 and 
the insertion tool 80 is hoisted away from the wellhead 
insertion tool as shown in FIG. 8. 

[0038] FIG. 8 shows the wellhead insertion tool in a set 
position in which the releasable packer assembly 16 
securely grips the inside wall of the well casing 108, as 
described above. A high pressure line (not shown) is then 
connected to a top of the high pressure valve 30 in a 
manner well known in the art. High pressure stimulation 
fluids are pumped through the wellhead isolation tool. As 
is well known, high fluid pressures and high flow rates are 
required for stimulating a hydrocarbon production formation 
with which the casing 108 communicates. Those high 
pressure fluids exert considerable lift pressure on the 
wellhead isolation tool 10. However, because the 

releasable packer assembly 16 is in the set position arid 
the wellhead 101 is compressed between the adaptor pin 102 
and the casing 108., the components of' wellhead 101 are not 
subject to 'lift pressures exerted on the wellhead isolation 
tool 10. Any risk of exceeding a tensile strength of 
components of wellhead 101 is therefore eliminated. 

[0039] After the well stimulation treatment is completed, 
the insertion tool 80 is re -mounted on the wellhead 
isolation tool 10, as shown in FIG. 7, and the above- 
described procedure is followed in reverse order to remove 
the tool from the wellhead. As will be understood by those 
skilled in the art, certain pressure balancing and pressure 
relief steps required for safe operation have not been 
described but are well known in the art. 
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[0040] Although the wellhead isolation tool 10 in 
accordance with the invention is primarily intended for use 
in stimulating low pressure wells where wellhead equipment 
is not of a quality adapted to resist lift pressures 
exerted by the high volume injection of high pressure well 
stimulation fluids, the wellhead isolation tool in 
accordance with the invention can be used for stimulating 
any well to ensure that an integrity of the wellhead 
components is not compromised. 

[0041] Although the invention has been described above 
with reference to an explicit embodiment, it should be 
understood that the invention can be applied to any 
wellhead isolation tool inserted into a well casing and 
that any releasable casing-engaging mechanism adapted to 
...transfer lift pressures directly -to the . casing in- order - to- 
isolate the wellhead components from exposure to the lift 
pressures may be used in a wellhead isolation tool . in 
accordance with the invention. It should also be understood 
that the mandrel 12 can be inserted using any know 
insertion tool, and the insertion tool 80 described above 
is only exemplary of an insertion tool that could be used. 

[0042] The embodiments of the invention described above 
are therefore intended to be exemplary only and the scope 
of the invention is limited only by the scope of the 
appended claims . 



